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FOREWORD 

This report TOS prepared by the Dynamics Branch, Aircraft 
Laboratory, Directorate of Laboratories, Wright Air Development Center 
under RDO No. 2*59-56R, "Theoretical Supersonic Flutter Studies"* 
Tha -work -was done under the supervision of Mr. I. N. Spielberg, Chief, 
Analysis Section, Dynamics Branch. 
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ABSTRACT 

An approximate method has been devised for determining the 
nonstationary air-loads on an elastic wing with supersonic edges upon 
which is mounted an axially symmetric body.    The flow field due to an 
oscillating axially symmetric body isolated in a supersonic stream is 
superimposed on the flow field due to an oscillating elastic wing with 
supersonic edges*    An additional velocity potential satisfying the basic 
linearized differential equation of fluid motion is constructed so that 
the required boundary conditions are satisfied on the wing.    The result 
is a modification of the original source strength distribution on the 
isolated wing.    This modified source strength distribution is calculated 
by means of a numerical integration procedure.    The nonstationary air-loads 
for the wing may then be calculated as in Reference 1. 

POBLICATICW REVIEW 

This report has been reviewed and is approved: 
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INTRODUCTION 

Ine trend in recent high speed airplane and mission designs 
has been toward low aspect ratio lifting surfaces mounted on bodies 
whose diameters are large fractions of the total lifting surface 
span.    In the case of higher aspect ratio configurations,  it is common 
practice for flutter analysts to ignore the presence of the body or to 
assume that the wing continues uninterrupted to the center line of the 
body when calculating unsteady air-load distributions on the wing. 
For moderate aspect ratios,  flutter analysts sometimes treat the body 
as an infinite reflecting plane.    As the aspect ratio is still further 
reduced so that the body diameter becomes proportionately larger, one 
is led to  ask whether the  effect of wing-body interference can still 
be ignored in computing non-stationary air-loads.    Certainly, sufficient 
evidence is not available to show that such effects are unimportant.    It 
has already been shown that the presence of a body near a low aspect 
ratio lifting surface in a steady compressible flow appreciably affecto 
the load distribution of the lifting surface.    (See,  for example, Reference 
2).    One is therefore inclined to suspect that wing-body interference in 
non-stationary flow is likewise not negligible.    Because large body 
diameter-wing span ratio configurations are most often encountered in 
high speed aircraft    and missile designs,  it seems appropriate to confine 
consideration to the  ccse of supersonic flow. 

Since the linearized problem of an isolated wing oscillating 
in a supersonic stream has not yet been solved exactly,  it cannot be 
expected that    an exact solution for the nan-stationary supersonic wing- 
body problem can be obtained at this time.    However,  in what follows, 
an approximate method will be derived for determining the effect of an 
axially symmetric fuselage on the air-loads acting on an elastic wing 
with supersonic edges mounted on the body in the plane of the body 
diameter. 

The problem of the body alone oscillating in a supersonic 
stream is treated in Reference 3»    Recently,  a group at Republic Aviation 
Corporation has  developed an approximate method for computing oscillating 
air-loads on an isolated wing, all of whose edges are  supersonic  (Reference 
1).    The method can be applied to an elastic wing undergoing arbitrary, 
harmonic distortions.    The formulation of the  present  problem is based 
on the assumptions that (a) the perturbations from a uniform flow are 
sufficiently small so that the flow equations may be linearized, and (b) 
the flow field around the wing is adequately described by a linear super- 
position of the velocity potential due to the wing alone,  the    velocity 
potential due to the body alone, and an additional velocity potential, 
which when added to the first two, causes the boundary conditions on the 
wing to be satisfied.    The velocity potential due to the wing alone 
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will be taken from the work of Garrick (Reference h), the potential 
for the body alone from (Reference 5); the wing-body interference 
pcoential is developed herein.    The method of Reference 1 is used to 
obtain numerical solutions of the equations. 
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SFCTICH I 

CONSTRUCTICN OF THE SOLUTICN 

The velocity potential for the nonstationary flow over a 
•wing with supersonic edges has been derived (under the assumption of 
linearized theory) in Reference I4..    In that derivation, it was assumed 
that the actual wing may be replaced by a distribution of sources and 
sinks in the plane z « 0.    It was shown that the strength of a source 
at any point on the wing is proportional to the downwash (   w^   ) at 
that point.    Thus for harmonic oscillations, the velocity potential 
at a point (x, y) of the wing for the flow around the wing alone may 
be written as —        « _ 

«r«».*;-V ff^im. JfJJ 

where £0    is the frequency parameter defined as 

(1) 

(2) 

<*J    is the frequency of oscillation, M is the free stream Mach number, 
c  is the free stream speed of sound,    &    is the Prandtl-Glauert factor 

p=JM*-yn 

R may be written as 

P 

*mto-tf-fHr1P' 

a) 

(W 

and D is the area within the fore Mach cone emanating from the point 
U, y). 

The velocity potential for the nonstationary flow about a 
slender body of revolution has been derived (under the assumptions of 
linearized theory) in Reference 3*    In this derivation it was assumed 
that the body may be replaced by a distribution of doublets along the 
axis of the body.    The doublet intensity distribution was determined by 
satisfying the condition of no no anal velocity at the surface of the 
body.    It was thereby found that the doublet intensity at any point 
is proportional to the product of the body cross-sectional area(S) at that 
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point times the vertical velocity of the body axis ( wj,   ) at the same 
point.    Thus for harmonic oscillations, the velocity potential at any 
point In space for the flow around the body alone may be written (in 
cylindrical coordinates, (see Figure 1) as 

t f *~PK 

/e sm(fiP)d9 
/*~P* ,   "  ,       -*««*-*>    ,-z   % 

WW'(S)+*k($)$WMte      cos(% P) 

X-AK 

i*( (r*m<r)(*-f)e''*<*'Vco3(§P) 
r\ P n 

(5) 

where a prime denotes differentiation with respect to £ and 

/Vo-»v*' ? (6) 

It is now assumed that the total velocity potential   ^   for the 
wing-body combination may be expressed as the sum of these two potentials 
plus a correction potential   fy    which will cause the boundary condition 
to be satisfied on the  surface of the wingj  that is: 

<f>= %r+%+ ty (7) 

• 

The boundary condition on the wing is 

However, 

O^Lr I 

7-o 
+ 

32 
*r 

2'0 

(«) 

(9) 
32    l**o 

Since the velocity potential for the wing alone already satisfies the 
boundary condition for the motion of the wing, it is only necessary that 
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S>j      be of a form such that the vertical velocity that it induces 
at a given poirit on the wing juvt cancels the downwash induced by the 
body at the same point;  that is, 

(10) 

An alternate formulation of this problem is to assume that 
the downwash produced by the sources representing the wing must be modi- 
fied to account for the downwash induced by the body so that the boundary 
condition on the wing is satisfied. An examination of equation (5) 
shows that f^   is always zero in the plane z » 0 (Q "5,- ?r)« There- 
fore, the potential for the flow over the wing in combination with the 
body is of the same form as the potential for the wing alone, but the 
source strength distribution is modified to account for the downwash due 
to the body. Thus, . _ _ 

0 
This formulation will be used in the subsequent development. 

Since f^   is expressed in cylindrical coordinate 3 and it is 
required to evaluate ilffe  at z « 0, *JQ> is written as follows: 

a* a? 

32  L _     9r   di 
Noting that 

1 r'-S.i'- 

2= a 
3e ai" 

v-»- 

Z»0 

'••2) 

t  * * (13) 

?i|   =4   -o 
Since'^b^r lemains finite on the wing, the first term of equation (12) 
van ishe s• Similarly, 

&=+*»''f (15) 

1)    This assumption restricts consideration to only symmetrical wing- 
body configuration;  i.e., where the axis of the body lies in the plane 
of the wing. 
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and 
ag        » . 
32   2* + ~* 

(16) 

*«o 

Inspection of equation (5) shows that a function"4((x, r , t ) 
may be introduced such that 

*(*,',ft*;- cos 0[VL(*,r,t)J (17) 

L 

i 

and therefore 

At    z - 0, Q* -T-, and     r • yj hence, 

B9 —v*«»<; 
and 

a<fi 

whers 

^..-fHW-^*"*'* 
iui"t 

- ,*+r 
MV^ftffiVSW*'  <X~*Sm(%PjJf 

-ij'cwttri '®*«iWfJlC/-f)e ""'"cosC^P) &<*-f)       ,£j 

-i*f1&m3Mrt)VlSr*pc«ai>)       j- 

and P is now 

P= ia-ffifY' 
H&DC TR 54-196 
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(20) 

(21) 

(22) 
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Substituting equation (20), (21) and (22) into equation (11) 
gives the complet      xpression for the potential at point (x,y) on the 
wing of the wing-b.~y combination.    The pressure jump at this point i3 
then obtained from the potential as 

r-^f{^m (23) 

The lift (positive down) on a streamwise strip of the wing is given by 

Lt'-J fJ* (2« 

and the stalling mcment about a spanwise axis, x0 , is 

Ms=- f f(x-x0)Jx (25) 
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SECTION II 

METHOD OF APPLICATION 

Up to the present time, completely analytical evaluations 
of integrals of the form oi' equations (1) and (21) have not been 
accomplished.    For rigid body motions, rquation (1) has been approxi- 
mately evaluated by expanding the int-0rand in powers of   to     as in 
Reference 5«    On the other hand, equation (1) has been approximately 
evaluated even for the case of arbitrary wins elastic deformation 
modes in Reference 1 by means of a numerical integration technique. 
In this paper, both of these methods will be combined to evaluate 
equation (21).    The results of this evaluation may then be used directly 
in calculating the nonsteady air-loads acting on the wing of the 
wing-body combination. 

The first step in this technique is to subdivide the wing 
into a number of small rectangular boxes of dimensions h     and h      , 
as shown in Figure 1.    Boxes along the wing trailing edge ar. maae 
half-size in the stream direction, in accordance with the procedure 
of Reference 1.    The body is also divided into sections,  the chordwise 
dimensions of which are made equal to the  chordwise dimension of the 
wing boxes,  h^    .      The size of the boxes is not important from the 
theoretical point of view, as long as they do not become too large 
in the stream direction.    However, certain ratios of length to width 
of the rectangle are more advantageous for computing purposes.    (For 
a more detailed discussion of box size see Reference 1). 

The essence of the method of Rpference 1 is that,  by making the 
boxes small enough, the downwash over any box can be considered as 
essentially constant and it can be removed from within the integral 
of equation (1).    Then by expanding the numerator of the remaining 
integrand in a power series in   co    , retaining as many terms as are 
required for accuracy in practical problems, and using a mean value 
theorem where the power series expansion is not needed, the double 
integral can be evaluated for all boxes within the region of integration. 
This procedure will be adopted for the evaluation of equation (21). 

EVALUATION OF THE BODY-INDUCED DOTOJWASH 

If, then, the grid of boxes is made fine enough, it is 
reasonable to assume that w,       and S are constant along each segment 
into which the body axis has been divided.    Then,  the values of 
w     and S and their derivatives with respect to   t?    at any point 
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along a segment are taken to be the values at the center of the 
segment*    Equation (21) then becomes 

where the symbol ^   stands for summation over those segments of the 
fuselage centerllne included within the fore Mach cone emanating 
from the point (x, y) on the wing, and the symbol   y*'    stands for 
integration in the x direction over the length of each of these 
segments.    For a body section whose center line is cut by the fore 
Mach cone, the integration is performed only up to the Mach line* 
Thus equation (26) may be written as follows: 

» 9 o J 
(27) 

For the case of segments wherein the body axis is not cut by the fore 
Mach cone, 

f*i -t-*5 dr-r)     ,-j % , 

*j UZ(X-f)        ,x 

(28) 

cosffiP) </f (29) 

where     XJ-XJ-I • hj,      •      For the case of the segment wherein the body 
axis is cut by the fore Mach line, 

T  s f    '**(X'K)        ,5   » .- 
(30) 

WaDC TR &-196 

r~- 



--N 
i • 

p «ff (3D 
v-' *,-(• 

The integrals defined by equations (28), (29), (JO), and 
(31) may be evaluated as follows. For those body segments which are 
within one and a half box lengths in the flow direction from the 
point (x,y),(i.e.,(x- Xj_,) ^ 3/z  h* )  , the integrands in these 
integrals may be expanded in powers of to . Formulas are presented 
below for the values of these integrals wherein the integrands were 
expanded to the second power of w . These formulas should provide 
engineering accuracy for most problems. Should increased accuracy be 
desired, it can be achieved by using these formulas with a very fine 
grid, or a coarse _g_rid and more accurate formulas which include 
higher powers of to . Thus for a "near" body segment not cut by a 
Hach line, 

It* A,u> +Azu>* (32) 

It-&.+&i* *Bt^Z 
(33) 

-•rhere 

<3k) 

(35) 

(36) 
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~(*~ Wj^ijV^- fScosA'' (Jzltl (37) 

(38) 

Formulas for I_    and I-      for the case of "near" segments 

wherein the body axis is cut by the Mach line can be obtained from the 
above formulas by putting x. - x - Bf 

For body segments which are more than one and a half box 
lengths removed from the wing point (x,y),(x - x., ^-   2/2 hx)    , the ex- 
ponential and trigonometric terms of the integrands of equations  (28), 

(29),  (30) and (31) vary very slowly over the length of the segment 
provided   h_ is reasonably small.    Hence, good approximations to the 
values of these integrals may be obtained by considering these terms 
as constant and equal to their values at the mid-point of the segment 
over which the integration is being performed, and then integrating 
the remaining part of the integrand directly.    That is,  it is asstmed 
for "far" segments that 

r, *«-'**-•- W#rt*.>7/^ 
and 

I** e 
) 
cos 

where 
- XJ + XJ-, 

t 

[%p('~)]ia<i? 

(39) 

UD) 

(1*1) 
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For those body segments -wherein the body center line is not cut by a 
Mach line, these integrals can be shown to have the values 

C:S 

I,- «"'*""'" Wl P(SJ]<*i-*i-) U2> 

and 
cS«-fm)       rss 

I,=e cos [8rto$»tf-ff-fi&f?] (1*3) 

For those body segments wherein the body center line is cut by 
a Mach line, the same equations can be used with x.  • x -£4> • 

These equations make it possible to calculate the increments 
in downwash on the wing due to the body.    It should be noted that these 
incremental downwash velocities have components both in phase and out 
of phase with the wing motion. 

DETERMINATION  OF THE NGN STATIONARY LIFT 

AND MOMENT DISTRIBUTIONS 

The application of the method described in the previous 
sections to the  calculation of the unsteady air-loads on the wing 
cf a wing-body combination will now be described.    Although the method 
is generally applicable to an elastic wing experiencing harmonic os- 
cillations of arbitrary mode shape, for simplicity the following 
derivation will be restricted to a wing-body configuration undergoing 
rigid-body symmetrical motions.    In order to determine the potential 
at a point (x,y) on the wing, equation (11) must be evaluated over 
the region of integration D bounded by the forward Mach cone emanating 
from (x,y), the wing leading edges, and the sides of the body.    The 
boxes on the wing which contribute to  *P ( x,y,t) are indicated by the 
cross-hatched area in Figure 2.    In keeping with the assumptions made 
previously,  the downwash over a box will be considered constant and 
equal to its value at the center of the box.    Thus the geometrical 
domwash due to the motion of the wing is 

«v <"*., %)' i~[p '(?<-*•)$*] * Vf* m 
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where q.    and q~   are the generalized coordinates In the vertical 

translation and pitching modes respectively]  {t3^€ >*%, ) are the 
coordinates of the cenuroid of the box on the wing, and x0 is the 
location of the pitch axis. 

The downwash at (^c , % ) induced by the body must now 
be determined.    A Mach foreoone is drawn from (J£,, "% )j those body 
segments included within this cone (as shown in Figure 2) will 
contribute to the induced downwash at this point* 

The geometrical downwash at any point along the body center 
line can be written in terms of the generalized coordinates as follows: 

*rk a «*Cf, + Cf-*.)ftJ * *ft 
From this one can immediately write: 

urL'- *Jmt4»fa {k6) 

where ^^ is the coordinate of the center of the jth body segment 
and is defined by equation (1+1). 

Using the above expressions for the geometrical downwash of 
the body, one can rewrite equations (20) and (27) as follows (dropping 
the  elu>     terms for convenience) 

where _. 

(19) 

(50) 
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Thus, the total downwash which enters Into equation (11) is 

Equation (11) can be evaluated in accordance with the "box" 
method of Reference 1, leading to the following general form for the 
velocity potential at point (x,y), which is now assumed to be at the 
center of box "i": 

where 
*Pij    - the potential at the center of box i due to a constant unit 

downwash velocity at box jf 

to 
i       v<j      /    x2^    xZft. (55) 

J ***; (56) 

j    denotes sunnnation over all boxes included within the region of 
integration D, defined previously.    Using equations (2J) and (2U), 
together with the assumption that the potential at the center of a 
box can be considered as the mean value over the entire box, Reference 
1 shows that the downward load acting on a chordwise strip of the wing 
is given by 

L* Zfi-oo &  W **L +*>I>VTT£ (57) 

HADC   TR   5V-196 12 

o\ 



• 

1 

r 

•where the index i ranges over ail boxes in the strip from leading edge 
(LE) to trailing edge (TE) and *P        is the value of the ootential at 

TE 
tne trailing edge of the strip. A X; is the dimension of box i in the 
stream direction.    Substituting equation  (53) into equation  (57) and 
non-dimenrionalizing yields the following expressions for the non- 
stationary sectional lift coefficients: 

where 

(52) 

(59) 

ft;        (60) 

bw 
with k •    ——— , the local reduced frequency,  at the wing root. 

V 

In a similar manner,  using equations (25), a general expression 
for the pitching moment on a strip about the axis of pitch x0    and 
equations for the moment coefficients are obtained. 
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SECTION III 

APPLICATION TO A SPECIFIC PROBLEM 

The application of the method described in the previous 
sections to the calculation of the unsteady air-loads on the wing 
of a wing-body combination will now be illustrated.    Since the 
purpose of this example will he merely to illustrate the application 
of the method and to determine the order of magnitude of the 
effect of the body on the wing air-loads, a very coarse grid will 
be used in order to  shorten the computations*    Rigid body translation 
and pitching motions will be assumed so that the results may 
be compared with previously obtained results for the wing alone. 
Calculations will be done for both the wing alone and for the 
wing-body combination so that the effect of the body can be 
determined directly*    The wing-alone configuration will consist of 
one wing of the wing-body combination reflected about the wing 
root chord line.    The wing planform chosen is the same as the one 
that was used in References 1 and 5«    This will also allow a com- 
parison to be made between the results obtained with a coarse grid 
(j boxes; Figure 2) and the fine grid used in Reference 1 for the 
wing alone case (28 boxes; Figure 1). 

Since the calculations will be done for only one Mach 
number, it will be convenient to let the sides of the rectangles be 
in the ratio, 

L 

where h      and h      are box lengths in the x and y directions respec- 
tively.    The geometry of the network, therefore, is such that the 
body axis is cut by a Mach line only at the boundary of a body 
segment* 

The following parameters are used in this analysis: 

$ 

b - i. 
2 

M2   -   1.75, co b 
V -   k   -    *0U 

°- **y - 2ba>M2 

V sz 
2kM2 

r .1S667 

x0    -    2.25 

a      -    1.75 
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Maximum body diameter _,. 
Maximum wing span •    • 5 

Wing leading edge sweep angle •    ~j0 

The equation for the radius of the body is taken to be 
y   -   .h9h&7x     -   .053S65x5 (66) 

In this example the lift and moment of the wing are 
calculated for unit values of    —3^-       and    q      . 

A detailed drawing of the wing and body with the grid of 
boxes superimposed is shown in Figure 2, 

The value of the potential for boxes close to the wing 
leading edge is obtained by weighting the result obtained for the 
whole box in accordance with the percentage of area of the whole 
box that is contained between the fore Mach cone and the leading 
edge. 

1) 
The results of calculations using equations (57) 

through (61+) for the example described above are summarized in 
Figures j through 12. 

i)      Alter tne calculations described herein were completed, the 
authors of Reference 1 devised a scheme whereby the lift and 
moment could be calculated somewhat more simply using pressure 
coefficients rather than velocity potentials*    Since the principles 
involved are the same, the calculations are presented here in terms 
of potentials. 
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SECTION   IV 

DISCUSSION OF RESULTS 

Formulas have been derived to determine the effect of the 
fuselage of a wing-body combination on the air-loads acting on a 
wing in nonstationary purely supersonic flow.    The equations    do 
not readily lend themselves to analytic evaluation.    However, a 
procedure has been presented which allows a numerical solution of 
the problem. 

Examination of equation (5) or (21) leads to the conclusion 
that the most accurate results are obtained when the ratio of body 
diameter to wing span is large (providing that ohs body fineness 
ratio is large so that linearized theory applies).    This is deduced 
from the fact that the  downwash induced by the body has a 1/r type 
singularity at the body axis.    When the body diameter is large, no 
point on the wing is very close to the body axis and hence the 
mathematical singularity which doe3 not actually exist physically 
need not be  dealt with.    Practically,  the presence of a  singularity 
at the body axis is not really a deterrent to the use of this 
method since corrections for the presence of the body are probably 
not required when the body diameter is small compared to the wing 
span, and also because accuracy is more important in the region 
of the wing tips than near the body. 

The wing lift and moment due to harmonic rigid body trans- 
lation and pitching about the mid-point of the root chord    for the 
configuration shown in Figure 2 are presented in Figures 3 through 
10.    Curves of the variation of the unsteady aerodynamic coefficients 
along the span are presented.    Curves for the wing alone are drawn 
for the results of References 1 and 5 and for the results of this 
paper.    The curves for the wing-body combination are also drawn on 
the same graphs for comparison. 

It is interesting to note that excellent agreement between 
lift curves is found for the wing alone case over the inboard half 
of the span.    The lack of agreement near the tip is caused partly 
because of the small number of boxes in this  region and partly be- 
cause the calculations for some of the coefficients entail working 
with small differences of large numbers.    The wing-alone moment 
curves are in good agreement over the inboard half of the wing for 
some of the coefficients, although the agreement is poor in other 
cases.    This is to be expected since the moment coefficients depend 
on the distribution of pressures rather than total forces as in the 
case of the lift coefficients and accurate pressure  distributions 
cannot be expected from the  coarse grid used in these calculations. 
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The changes in total lifts and moments are not as 
extreme as may be expected.from an inspection of Figures ? 
through 10»    Large changes do occur in the real components 
of the force and moment vectors due to translatory oscillations. 
However> since these real components are small compared to the 
imaginary components,  the total changes in lift and moment 
magnitude are essentially those due to the changes of the 
imaginary components. 

The overall effect of  the body on the wing can be seen 
more clearly in Figures 11 and 12.     The ratios of the magnitudes 
of the aerodynamic coefficients for the wing-body combination to 
the wing alone coefficients are presented in Figure 11.    In this 
figure, the following definitions apply. 

L«*JI^uJ (6g) 

r MI-JM.'+M; (69) 

M^i^M? (?o) 
It is seen that the lift coefficients are affected most 

in the middle region of the wing (the dashed portions of the 
curves indicate extrapolated data), whereas th& moment coefficients 
are altered most near the wing-body intersection.    An interesting 
observation is that the curves for the outboard half of the semi-span 
are almost exactly the same for all four coefficients.    The 
equations derived in this paper are too complex to determine whether 
this is the general case or whether it is only a coincidence for thin 
particular set of parameters. 

Figure 12 presents curves showing the variation of the 
change in phase angle of the aerodynamic vectors along the wing 
span.    It is seen that for all coefficients, the body produces almost 
no phase change over the outboard two-thirds of the wing.    The lift 
coefficients suffer very little phase change near the root, where&s 
an extremely large phase change takes place near the root, for the 
moment coefficients*    The size of the phase shift may be considerably 
in error.    As explained previously, accurate pressure distributions 
cannot be expected when a very coarse grid is used.    Inspection of 
Figure 2 shows that the local chord of the lattice representing the 
wing changes from two to three boxes at just about the same span- 
wise station that the sudden change in phase shift occurs.    Actually 
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: the effect of the change in chord is not as great as the above 
statement might imply because the potential contributed by each. 
box is weighted according to the percentage area of the box 
covered by the wing.    It should be noted however that the large 
changes In the moment coefficient magnitudes and phase angles 
near the wing-body intersection may be grossly exaggerated. 
The singularity at the body axis causes the velocities induced 
by the body at points very close to th    body axis to be much 
too large, thereby exaggerating the uxfect of the body on the 
wing air-loads in this region. 

An effect which is not evident from the equations 
presented in the previous sections was noticed during the calcu- 
lations.    It was found that one of the most dominant terms involved 
in the calculation of the body-induced doinwash was the term 
involving S'.    Not only was this term larger than the others but 
it was noticed that if this term were omitted, the body-induced 
downwash would be of an entirely different, order of magnitude and 
possibly even of a different sign.    Thus if a circular cylinder 
were used as a fuselage, the results would be quite different.    It 
seems likely,therefore, that the effects of the body on the wing 
air-loads are quite sensitive to body shape and the position of the 
wing on the body.    The results of this example should therefore 
not be considered to be typical.    However, they do show that wing- 
body interference effects can be significant. 
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SECTION V 

SUM/tARY AND CONCLUSIONS 

An approximate method has been developed for taking into 
account the effect of a fuselage on the unsteady air-loads on an 
elastic wing with supersonic edges.    A numerical procedure for 
obtaining solutions is presenter).  based on the technique employed 
in Reference 1 wherein the wing alone case is considered. 

The results of sample  calculations show that a body with 
maximum diameter equal to twenty-five percent of the maximum wing 
span appreciably affects the magnitude of the unsteady aerodynamic 
forces and moments, whereas the phase angles of the aerodynamic 
force and moment vectors are only slightly affected. 

It became apparent,  during the course of the sample 
calculations,  that downwash induced on the wing by the body is 
very sensitive to the shape of the body.    Therefore the results 
obtained in the  sample calculations should not necessarily be 
considered as representative of the general effect of a body on 
the unsteady air-loads on a wing. 

Although the example calculated herain was concerned with 
the effect of a body on the airloads of a wing with supersonic 
edges, the method is also applicable to a wing with subsonic edges, 
since the essence of the method is merely the modification of the 
downwash in the area perturbed by the wing. 
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FIGURE  I.    COORDINATE   SYSTEM   AND   DETAILS   OF GRID   SYSTEM 
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FIGURE   II.   SPANWISE   VARIATION   RATIO OF LOAD   WITH 
BODY TO LOAD WITHOUT   BODY 

x0- Z25 ,     U*-l.75,    K- .04     DIAMETER-. 25 SPAN 

WfcDC    TR 5^-196 23 



If 

0°.  

fu 

.8 
y 

1.2 1.6 2.0 

'L« 

20tf 

^Mh lOCf 

/ 

d* 
.4 .8 1.2 1.6 2J0 

200° 

y-N 

^M-dOO0 / \ 

\ 

o^ V 
.8 1.2 

y 
1.6 2.0 

FIGURE   12.     SPANWISE   VARIATION   OF   PHASE   SHIFT   DUE 
TO ADDING BODY 

x8- 2.25        M*-   1.75      K-.04 DIAMETER-.25   SPAN 

WADC    TR 5li-196 "29 

1.    •• 



Armed Services Technical Information Agency 
Because of our limited supply, y*u are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters.  Your cooperation 
will be appreciated. 

": 

i 

NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS O^HER DATA 
ARE USED FOR ANY PURPOSE OT»ER THAN IN CONNECTION WITH A DEF^ELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER^NDTHE FACT THAT TH* 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY ^Y SUPPLIED IK*. 
SAID DRAWINGS, SPECIFICATIONS., OR OTHER DATA IS NOT TO BE REGARDED» BX 
IMPLICATION OR OTHERWISE ASfk ANY MANNER LICENSING THE^OLDER^OR ANY^HER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TOL^^MPO   ' 
USE OR SELL ANY PATENTED INTENTION THAT MAY IN ANY WAY BE RELATED THERETO. 

Reproduced    by 

DOCUMENT  SERVICE CENTER 
KNOTT BUHL DING, DAYTON, 2, OHIO 

iUNCLA^n 


	0002
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047

